Abstract. Considering the requirements of dynamic performance and quality during the torque converter locking process, a two parameters latch-up control strategy was designed, and a simulation method to study the control performance by use of processor in loop (PIL) simulation technology was proposed. Through the study of the practically applied requirements of a loader, a two parameter lock-up control strategy with turbine speed signal and gear signal as main control parameters was developed. According to the control strategy, the logic diagram of real-time locking and unlocking control of the latch-up clutch was established by using Matlab/Simulink. Then, PIL technology was used to realize the co-simulation of CCS and Simulink. Simulation results show that the latch-up control model is correct and the lock-up clutch can effectively lock and unlock in accordance with the lock-uprule. MATEC Web of Conferences 160, 05006 (2018) 
Lock-up control law of the torque converter 2.1The rule of latch-up control
The rule of latch-up control is generally divided into single parameter control and two parameters control. And two-parameter control is a control strategy with two signals as the main control signals and the rest for the auxiliary control signals. In this study, loaders generally work on sites where the environments are severe, so two-parameter control was chosen to reduce the impact of the environment on the equipment. In the two-parameter control system, the turbine speed signal and the gear signal were chosen as the main control parameters and the steering signal, the throttle signal and the braking signal were chosen as the auxiliary control parameters.
The clutch control can be divided into dynamic locking, economic locking, steering state locking, braking state locking and integrated locking. And the rule of integrated locking has good power performance and fuel economy as well as the operability of the vehicle, and it also ensures great probability for the integrated locking performance of the vehicle for different applications. Therefore, the integrated locking rule was chosen to research on the control system. The integrated locking rule designed of the loader was as follows:
1)Whether the clutch would lock or not is determined by the turbine speed in the braking state;
2)In the steering condition, the unlocking of the latch-up clutch is determined by throttle angle, and the latch-up clutch is not locked when the throttle angle is less than 20%;
3)Locking would prevent the shift from running smoothly when shifting, so the lock-up clutch needs to be unlocked; 4)Whether the latch-up clutch would lock or not can be judged by the rotation speed of the turbine when not to change gear; 5)According to different gears and using purposes, at the first gear, the clutch must be unlocked in order to obtain greater torque for starting, climbing, and high power; at the second gear, the locking is determined by the throttle angle. And when the throttle angle is less than 20%, the clutch is unlocked in order to obtain greater torque; when the throttle angle is more than 20%, whether the clutch would lock or not is judged by the rotation speed of the turbine and the throttle angle in order to make the vehicle more efficient; At the third gear, the clutch needs to be locked in order to make the vehicle get higher speed and larger utilization of power.
Determination of lock-up point of the lock-up clutch
In order to ensure the dynamic performance of the vehicle, double parameters (turbine speed-throttle angle) lock-up rule is usually adopted to select the lock-up points. Under a certain throttle angle, the intersection of two turbine shaft output torque curves under hydraulic conditions (unlocked) and mechanical conditions (locked) respectively is selected, the turbine speed of the intersection point is the lock-up point at the throttle angle.
The torque of the torque converter is the output torque of the pump wheel. It can be expressed by equation (1)[5-6].
Where D is the effective diameter of the circulating circle of torque converter, D=0.397m; B is the torque factor;  is the working liquid density (kg/m3), nBis the pump wheel speed (r/min).
The relationship between the torques and rotational speeds of turbine and pump wheel are shown as equation (2), (3).
Where M T is the turbine torque (N·m); K is the torque coefficient; M B is the pump torque (N·m);n Ti is the turbine output speed (r/min); n Bi is the pump wheel speed (r/min); i is the speed ratio. 
Analysis of simulation results
The signal brake= 0 and signal turn= 0were set, and the transmission was placed in first gear, these signals detected by the PIL processor in the loop. The simulation output of the PWM wave is as shown in Figure 5 .By changing the duty cycle of PWM wave in real time, the high speed on-off valve in hydraulic system can be controlled, so that the lock-up clutch can be controlled indirectly. As shown in Figure 5 , the duty cycle of the output PWM wave is very small. So that the high-speed on-off valve in the hydraulic control system controlled by the PWM wave was off, lock -up clutch was controlled lock. The simulation result satisfied the lock control law.In the former 30s,the amplitude of the wave is zero because the flow chart designed leaves sufficient time for each signal to occur, and also because each trigger signal has a time delay during its production
Figure5. The simulation output PWM wave in first gear
In the simulation process, the transmission was set to second gear, throttle angle and turbine speed were changed. In order to facilitate observation of changes of output PWM wave when the locking condition was satisfied and the locking condition was not satisfied in second gear, in the former 150s the throttle angle was set to 35%, the turbine speed was set to 2000rpm, which satisfied the lock condition, and 150 seconds later set throttle angle was set to 15%, the turbine speed was set to 1000rpm, which did not satisfy the locking conditions. These signals detected by the PIL processor in the loop.
The simulation output of the PWM wave is as shown in The results show that the established control ruleis reasonable and meet the engineering requirements. It is proved that the PIL simulation method presented in this paper is feasible and effective.This study presents a feasible scheme for the ECU development and the design of other similar control systems.
